S
edatives and analgesics are commonly used in intensive care unit (ICU) patients undergoing mechanical ventilation to increase tolerance to the stressful and sophisticated ICU environment and to improve organ dysfunction in the most critically ill (1) (2) (3) . Altered consciousness, which may last for several hours or days after discontinuation of sedation, is one of the most common side effects of continuous infusion of sedatives and analgesics (4 -7) and may lead to delayed weaning and prolonged mechanical ventilation (8) . To avoid oversedation and achieve tolerance to the ICU environment, levels of consciousness and tolerance need to be repeatedly measured and compared with specific patient-related goals (9) . Sedation algorithms using pharmacologic interventions to lessen the discrepancies between management goals and patient status are being increasingly applied in the ICU setting. Whereas several studies have reported no effect or a negative effect of sedation algorithms on the duration of mechanical ventilation (10, 11) , other large, randomized trials have shown a significant reduction associated with their use (12, 13) .
The type of medications used in the algorithm, the tools used to assess consciousness and tolerance, and the dosing regimen may influence the effect of a sedation algorithm on duration of mechanical ventilation. Moreover, it is also possible that inclusion of patients with acute brain injury, such as acute stroke or anoxic coma after cardiac arrest, may influence the results because the use of a sedation algorithm in patients in whom consciousness is very often intractably deeply altered is not expected to promote preservation of consciousness and reduce the duration of mechanical ventilation. Although clinical or infraclinical brain injury may occur during the ICU management of patients without acute brain injury at ICU admission, such as in patients with septic shock (14) , the level of consciousness and time to extubation of patients without acute brain injury compared with those with acute brain injury are more likely to be dependent on the sedation regimen used. Furthermore, ICU mortality among patients with acute brain injury is very high, and death usually occurs early after ICU admission (15, 16) . Inclusion of patients without acute brain injury might thus clarify the effect of a sedation algorithm on the duration of mechanical ventilation and determine whether earlier regaining of consciousness affects the duration of mechanical ventilation. These questions have not been addressed to date. We conducted a prospective study in mechanically ventilated ICU patients without acute brain injury to assess the impact of a sedation algorithm, which was designed to promote a high level of consciousness, on the duration of mechanical ventilation. We also examined the relationship between the time to arousal after initiation of mechanical ventilation and the duration of mechanical ventilation.
MATERIALS AND METHODS
Population. This before-after study took place in the 12-bed medical ICU in the university-affiliated Poissy hospital with a patient-tonurse ratio of 2 or 3 to 1. All patients Ն16 yrs old and requiring mechanical ventilation for Ն24 hrs were eligible. Exclusion criteria were admission for acute brain injury (acute stroke, head trauma, acute encephalitis, or cardiac arrest), transfer from another ICU, chronic mechanical ventilation, tracheostomy or peripheral nervous system disorder present at ICU admission, and moribund state. Patients without acute brain injury but with neurologic symptoms due to seizures provoked by an ischemic or traumatic cerebral scar or due to overdose of psychotropics were not excluded.
Study Design. Patients were prospectively enrolled during two 6-month phases separated by a 9-month interval during which a multidisciplinary team including nurses and physicians developed the algorithm and underwent training in its use in mechanically ventilated patients. During the first study phase (from December 1999 to May 2000), no algorithm was used (control group). During the second study phase (from March 2001 to August 2001), a sedation algorithm was used (algorithm group). During both phases, eyeopening status was monitored every morning by an independent investigator. Time of arousal after initiation of mechanical ventilation was defined as the first day patients were able to open their eyes either spontaneously or on verbal request for at least two consecutive days. The investigator did not communicate eye-opening status to the caregivers. During the two study phases, routine practices in patients receiving mechanical ventilation were maintained, including semirecumbent positioning, cuff pressure monitoring three times per day, early enteral nutrition administered through a gastric tube, and pressure sore prevention. Weaning practices did not differ between the two phases. Patients were considered candidates for weaning when they no longer had high-grade fever, did not require catecholamines except for low doses of dopamine or dobutamine, FIO 2 was Ͻ50%, positive end-expiratory pressure was Յ5 cm H 2 O, and consciousness was not severely altered. Candidates for weaning were switched to pressuresupport ventilation and underwent daily spontaneous breathing trials on a T piece. The decision to extubate was based on simple bedside tolerance variables, including respiratory rate, SpO 2 , and the use of accessory respiratory muscles during T-piece trials. The end of mechanical ventilation was considered the day the patient was extubated, provided that there was no need for reintubation within the next 48 hrs.
Intervention. Patients received midazolam for sedation and fentanyl for analgesia during both phases of the study. During the control phase, sedatives and analgesics were adjusted according to the decision of an experienced attending physician, sometimes after being alerted by a resident or the bedside nurse. Sedatives and analgesics were increased immediately in patients with poor tolerance to the ICU environment and decreased during rounds. Nurses could not make changes without the authorization of the attending physician. During the algorithm phase, sedatives and analgesics were adjusted in accordance with the algorithm, which was designed to achieve tolerance to the ICU environment and maintain a high level of consciousness ( Fig.  1) . According to the algorithm, consciousness and tolerance to the ICU environment were assessed at least every 3 hrs using the Adaptation to Intensive Care Environment (ATICE) instrument. This five-item instrument has shown satisfactory measurement properties in ICU patients, including validity, reproducibility, and responsiveness (17) . In patients with a first episode of poor tolerance, the decision to administer a bolus infusion and increase the hourly dosage of sedatives and analgesics was made by the attending physician after being alerted by the bedside nurse. For subsequent episodes, the bedside nurse adjusted the dose except in patients with very poor tolerance or in whom there was no improvement after two repeated boluses and subsequent increase in doses, in which case the attending physician was alerted. Sedatives and analgesics were decreased by the bedside nurse around the clock. The algorithm was not applied while the patient was receiving neuromuscular blockers, was in the prone position, or after end-of-life decisions had been made. The Ethics Committee of the French Society of Critical Care waived the need for informed consent.
Data Collection. Data were prospectively recorded during both phases of the study. Age, sex, and the Simplified Acute Physiologic Score (SAPS) II (18) were collected within 24 hrs after admission. Throughout the period of mechanical ventilation, we recorded the day and time of initiation of mechanical ventilation, day of arousal, day and time of end of mechanical ventilation, diagnosis of acute condition, presence of left ventricular failure, presence of sepsis or acute renal failure (according to the definition used in the ODIN score (19) ), presence of underlying chronic obstructive pulmonary disease, total daily dose of midazolam and fentanyl, use of other intravenous sedatives and opioids, tracheostomy, and occurrence of self-extubation, pressure sore (erosion, or necrosis, or surgery required), and ventilator-associated pneumonia. Diagnosis of ventilator-associated pneumonia was based on the presence of clinical criteria (20) and confirmed by bronchoalveolar lavage culture of Ն10 4 CFU/mL at Ͼ48 hrs after mechanical ventilation initiation. Highest body temperature and FIO 2 and lowest SpO 2 or SaO 2 during the 24 hrs before extubation, and highest respiratory rate and lowest SpO 2 during the last T-piece trial before extubation were noted. Pharmacy students recorded the data during their 9-month rotation in our ICU. During each rotation, a 3-month training period was considered necessary to familiarize the student with the ICU environment, the type and administration of the sedative and analgesic drugs used, and the daily record sheet completed by the bedside nurse. The students were then able to record data for 6 months during each rotation. Calculation of study sample size (see below) was compatible with a control and algorithm phase of 6 months each.
Statistical Analysis. The primary end point was duration of mechanical ventilation. Secondary end points included time to arousal after initiation of mechanical ventilation, length of ICU stay, total dosages of sedatives and analgesics administered, and the occurrence of side effects potentially attributable to excessive sedation (pressure sore and ventilator-associated pneumonia) or undersedation (self-extubation). Duration of mechanical ventilation, time to arousal, and length of ICU stay were analyzed using Kaplan-Meier method (21) . Log-rank test was used to compare algorithm and control patients and to analyze the influence of a priori selected covariates on mechanical ventilation duration (age, admission SAPS II, presence of sepsis, left ventricular dysfunction, underlying chronic obstructive pulmonary disease, and renal failure, and medical or surgical diagnosis) and time to arousal (age, admission SAPS II, and presence of sepsis and renal failure). For that purpose, quantitative variables were dichotomized according to their median values. Finally, variables (including use of the algorithm) with a p value of Յ.20 in log-rank analysis were entered into a multivariate Cox proportional-hazards model to identify the independent variables that influenced mechanical ventilation duration and time to arousal (22) . Data on patients who were not weaned from the ventilator (i.e., those who died before being disconnected from the ventilator) were censored at time of death. Other comparisons between control and algorithm patients were performed using the chi-square test and Fisher's exact test for categorical variables and Mann-Whitney test for quantitative variables. Time-dependent quantitative data are reported as the median (25th-75th percentiles). Other quantitative variables are reported as mean Ϯ 1 SD. Categorical variables are reported as number (%). All statistical tests were twotailed. A p value of Յ.05 was considered sta-tistically significant. Data were analyzed using the BMDP software (University of California, Berkeley, CA).
Using our ICU database, we estimated that 50 to 60 patients would satisfy the study inclusion criteria during a 6-month period and that the mean duration of mechanical ventilation in similar patients during the 2 yrs before the start of our study was 10 days, with a SD of 8 days. Accordingly, we determined that the sample size needed to show a 50% reduction in mechanical ventilation duration, with alpha and beta errors of 0.05 and 0.20, respectively, would be 41 in each study period, which was compatible with a control and algorithm phase of 6 months each.
RESULTS
During the two phases of the study, a total of 155 patients received mechanical ventilation for Ն24 hrs. Of these, 51 patients were excluded because of acute stroke (n ϭ 22), meningoencephalitis (n ϭ 3), head trauma (n ϭ 3), admission after a cardiac arrest (n ϭ 11), transfer from another ICU (n ϭ 3), chronic mechanical ventilation or tracheostomy (n ϭ 3), peripheral nervous system disorder present at ICU admission (n ϭ 4, including three patients with Guillain-Barre syndrome and one with Friedreich disease), and moribund state (n ϭ 2). Two additional patients were secondarily excluded because they were transferred to another ICU while still receiving mechanical ventilation.
A total of 102 patients were thus enrolled, with 54 in the control group and 48 in the algorithm group. Baseline characteristics were similar in the two groups (Table 1) (18, 19) . Sedation was provided with midazolam and fentanyl in all patients. Eight patients (14.8%) in the control group and seven (14.6%) in the algorithm group received additional infusions of sedatives (p ϭ .9), including propofol in seven control patients and five algorithm patients. Three patients in the control group (5.8%) and one in the algorithm group (2.1%) received additional intravenous morphine chlorhydrate (p ϭ .4). A significantly higher FIO 2 and a trend toward higher body temperature within the 24 hrs before extubation in the control group indicated that no attempt had been made to extubate patients earlier during the algorithm phase ( Table 1) .
The median duration of mechanical ventilation was significantly shorter in the algorithm group (4.4 days [2.1-9.8]) than in the control group (10.3 days [3.5-17.2], p ϭ .014), representing a 57.3% reduction (Fig. 2) . In multivariate analysis, use of the algorithm, presence of underlying chronic obstructive pulmonary disease, sepsis, and renal failure were independent predictors of duration of mechanical ventilation (Table 2) than in the control group (15.0 days [6.4 -24 .0], p ϭ .043). The median time to arousal was significantly shorter in the algorithm group (2 days (2-5)) than in the control group (4 days [2] [3] [4] [5] [6] [7] [8] [9] , p ϭ .006). In multivariate analysis, use of the algorithm and presence of sepsis were the only predictors of time to arousal after initiation of mechanical ventilation (Table 3). Time to arousal was significantly associated with the duration of mechanical ventilation (p Ͻ .001) (Fig. 3) .
Patients in the algorithm group had significantly fewer pressure sores (n ϭ 9 cumulative dosages of fentanyl did not differ between the two groups (Table 4 ).
DISCUSSION
Our study in patients without acute brain injury showed that the use of an algorithm to standardize treatment with sedatives and analgesics and preserve consciousness resulted in earlier arousal during mechanical ventilation and a marked reduction in the number of days of mechanical ventilation. The use of the algorithm was an independent predictor of both time to arousal and duration of mechanical ventilation.
Our results support and extend the findings of previous studies using algorithm-based sedation. Kress et al. (13) IQR, interquartile range; SAPS, Simplified Acute Physiologic Score (18); COPD, chronic obstructive pulmonary disease. Quantitative variables were dichotomized according to median value. Variables with a p value of Յ.20 in log-rank analysis were entered into a multivariate Cox proportional-hazards analysis. Data of the 26 patients who died while still receiving mechanical ventilation were censored in the log-rank and Cox proportional-hazards analyses.
reported a 33% reduction in the median duration of mechanical ventilation (from 7.3 to 4.9 days) using a strategy based on daily interruption of sedatives. Using a similar strategy to that implemented in the second phase of our study, Brook et al. (12) reported a 52% reduction in mechanical ventilation time (from 4.9 to 2.3 days), compared with the 57% reduction in our study. The most likely explanation for the large reduction in our study was that we only included patients without acute brain injury at ICU admission. It is noteworthy that our focus on patients without acute brain injury very likely accounts for the relatively long duration of mechanical ventilation in the control group. Patients requiring mechanical ventilation after acute stroke (who represent the largest number of excluded patients in our study) and those admitted after cardiac arrest have a median duration of stay in ICU (and mechanical ventilation accordingly) of Ͻ5 to 7 days (15, 16, 23) . Compared with the only other study that used a similar algorithm (12), several differences in the algorithm may also account for the marked decrease in duration of mechanical ventilation in our study. These include a higher target level of consciousness, which was approximately equivalent to a Ramsay-2 level rather than Ramsay-3, monitoring at 3-hr compared with 4-hr intervals, the use of shorter-acting drugs (24) , and use of a sedation-assessment instrument sensitive to change in patients' clinical status over time (17) . Furthermore, our results extend the literature by showing a positive relationship between time to arousal after initiation of mechanical ventilation and duration of mechanical ventilation. Inversely to the weaning period, which duration may be influenced by several interventions such as daily T-piece trials or ventilator setting (25) (26) (27) , the period between the onset of mechanical ventilation and arousal is usually considered to depend on the severity of the initial acute condition. We showed that the time to arousal after initiation of mechanical ventilation was greatly shortened when an algorithm was used to guide sedative and analgesic administration.
Besides the marked effect of the use of a sedation algorithm on duration of mechanical ventilation, pressure sores were also significantly reduced in the algorithm group. Although pressure sores may result from obesity, poor nutritional status, and bladder or bowel incontinence (28) , the most likely explanation for this finding is that the increased level of consciousness and reduced duration of mechanical ventilation allowed spontaneous movement, however slight, which contributed to avoiding prolonged pressure on at-risk skin zones. Although ventilator-associated pneumonia was more than two-fold lower in the algorithm compared with the control group, the difference was not statistically significant. Despite reduction in mechanical ventilation duration, the use of a sedation algorithm may not have a real effect on the prevalence of ventilator-associated pneumonia. However, it is also possible that the sample size was too small to achieve the statistical power needed to detect an effect on the rate of ventilator-associated pneumonia.
The question of the most effective sedative agent in ICU patients remains unresolved. Although the recently developed dexmedetomidine seems to provide satisfactory control of intolerance to the ICU environment, with only minimal effects on consciousness and respiration (29) , prospective comparative studies of dexmedetomidine and other sedative drugs have been performed in patients with short-term postoperative mechanical ventilation mostly (30, 31) . Among the three most commonly used intravenous sedative drugs (midazolam, propofol, and lorazepam), only the first two are available in France. Several prospective, randomized, controlled trials in ICU patients with medium-to long-term ventilation have shown a reduction in time to extubation under propofol compared with midazolam (32) (33) (34) . However, none of these studies were blinded, and weaning from the ventilator was not standardized (35, 36) . Whether the use of propofol instead of midazolam would have resulted in shorter mean duration of mechanical ventilation and time to arousal is thus unknown. Our finding of a significant reduction in the duration of mechanical ventilation using midazolam, which has a long-context half-life, suggests that drug administration modalities may be more important than the type of drug used. Our results are consistent with those from Kress et al. (13) , who did not find any difference in the duration of mechanical ventilation between the propofol and the midazolam subgroups in their study of daily interruption of sedatives.
Reduction of sedatives and analgesics may expose patients to reduced comfort and poor tolerance to the ICU environment. We were unable to measure tolerance levels in control patients because we did not use the algorithm and, thus, the ATICE score in the first phase. However, although our attempts to avoid oversedation in the algorithm group resulted in lower daily and cumulative dosages of midazolam, the mean duration of administration was only slightly reduced. This might be attributable to the fact that, in accordance with our algorithm, once satisfactory tolerance and consciousness were achieved, no further attempt was made to decrease or stop sedative or analgesic administration until the patient was considered a candidate for weaning. In addition, the daily dosage of fentanyl did not differ between the two groups, and the mean cumulative dosage of fentanyl was only slightly lower in algorithm patients than in control patients, which also suggests that it is unlikely that use of the algorithm resulted in reduced comfort. Another potential risk with the use of an algorithm that promotes preservation of consciousness could be more frequent patient removals of devices used to provide specific ICU care. However, although self-extubation has been associated with agitation and inadequate sedation (37, 38) , this was not the case with our patients in the algorithm group, in which use of the algorithm allowed precise titration of sedatives and morphinics due to repeated assessments of tolerance to the ICU environment. One limitation of our study might be that there was no randomization. We chose a "before-after" design because the patient-to-nurse ratio is always Ͼ1 in our ICU, and randomizing patients would have meant that one nurse could have been in charge of two or more patients randomized in opposite arms. The risk that some elements of the strategy in one arm would be unconsciously applied to patients randomized in the other arm could have minimized any differences between the two arms. Although we used the same weaning procedure in both phases of our study to control for the effect of change over time in patient management other than sedation, unconscious attempts to extubate patients earlier may have contributed to the shortened duration of mechanical ventilation in the algorithm group. However, the presence of higher FIO 2 levels and a trend toward higher temperature within the 24 hrs before extubation in our control patients indicated that no attempt was made to extubate patients earlier during the algorithm phase.
In conclusion, we found that the use of a sedation algorithm designed to promote preserved consciousness led to a marked decrease in the duration of mechanical ventilation in patients without acute brain injury. We suggest that physicians consider the use of a sedation algorithm as a way to hasten arousal and shorten the duration of mechanical ventilation. Large studies using post-ICU memories and psychological status as the primary outcomes are now needed to determine whether sedation algorithms improve tolerance to the ICU environment from the patient's point of view. 
